S U MM AR Y Peripheral, cervical and cortical somatosensory evoked potentials after median or ulnar nerve stimulation were recorded in 21 patients with cervical spondylosis with radiculopathy or myelopathy. The test was normal when pain and paraesthesias were the only symptoms, while pathological in radiculopathy with objective neurological signs. The results varied in patients with cervical myelopathy.
Cervical spondylosis is one of the most common conditions encountered in neurology, and is a progressive degenerative disease of the intervertebral disc and the surrounding structures. ' The disease can give rise to a diversity of symptoms depending on the severity and location of the pathological processes.
The diagnostic criteria generally used are based on anamnestic information, clinical neurological signs and X-ray changes in the cervical spine. Electrophysiological methods in addition frequently have been used to study spinal cord disorders and root compressions. 2 3 Somatosensory -evoked responses following stimulation of a nerve in the arm can now be recorded with surface electrodes from the brachial plexus, cervical spine and scalp,'0 [13] [14] [15] [16] and the conduction time between each recording site can thus easily be found. In the present study this method was applied to patients with symptoms of cervical spondylosis. The purpose of the study was firstly to,test the clinical diagnostic utility of the method and secondly whether any consistent relation exists between the severity and type of the neurological symptoms (in radiculopathy or myelopathy) and the results of the somatos-ensory evoked responses.
Methods
Stimulation Either the median or the ulnar nerves were stimulated at the wrist on both sides, the nerves selected for stimulation being based on the peripheral distribution of pain and paraesthesia. In several patients both the ulnar and the median nerve were stimulated bilaterally. Commercially available bipolar saddle electrodes were used for stimulation of the nerves. The stimulus was delivered by a Medelec constant voltage isolated nerve stimulator. Stimulation frequency was 2 Hz. Strength was adjusted to produce a small muscular twitch in the thenar or hypothenar muscles. Recording Conventional 9 mm silver disc EEG electrodes were used and fixed to the skin with 3entonit. The electrodes were placed midclavicularly (Erb's point), and at the spin,e of the fifth cervical vertebra. The cortical electrodes were placed contralaterally in the hand area and the common reference electrode was attached to the forehead. Tiests The patients were sitting relaxed in an arm chair or lying in a bed during the test. Since significant differences in morphology of the cervical evoked response (but not any latency differenc,es) were found with the head in different positions, care was taken to keep the head in a constant position from patient to pati,ent. Cracco and Bickfordl7 have shown that short latency muscle potentials very similar to the genuine cervical cord potentials could be recorded over the cervical spine when the n,eck extensor muscles were tensioned. In the present study car,e was therefore taken to avoid tension in the neck muscles by supporting the head during the tests.
In the present study the terms N9, N14 and N20 will be used to denote the maximum negative peaks of the responses from Erb's point, the cervical spine and the scalp regardless of the actual latencies of the responses. The conduct.ion times (CT) as measured betwe,en the peak latencies will be denoted N9-N14 and N14-N20 respectively. Patient sampling All patients submitted to the neurological department for pain in the neck radiating in one or both arms were subjected to a full neurological examination and X-ray examination of the cervical spine.
The present study comprised only patients with symptoms Group I This group consisted of six patients with radiating pain and paraesthesias in the arm and fingers as the main symptoms. None of the patients revealed any objective signs such as loss of sensation, weakened reflexes or diminished muscular strength. All patients had typical degenerative changes in the cervical spine; myelography was however performed in only one pati-ent. The mean SEP results and standard deviations of this group are illustrated in table 1. The amplitudes and the latencies of N9, N14 and N20 as well as the conduction times were normal in all the ipatients tested (table 1) . No SEP differences existed between the impaired and the normal side. The amplitude of the responses varied considerably from person to person and also bilaterally in the same individual. The amplitude differences however, had no specific relation to the symptom giving side.
The maximal bilateral latency difference of the 1 taken from a 43 year old female with pain and paraesthesias radiating from the neck to the right arm and fingers. X-rays revealed marked cervical spondylosis C5 to C8. N9, N14 and N20 were easily recognised following median nerve stimulation in either side, and the latencies, amplitudes and morphology of the responses were normal as were the N9-N14 and N14-N20 conduction times.
Group II This group consisted of 12 patients, ten males and two females. Mean age was 51P3 years ranging from 35 to 67 years and median age was 53. All patients in this group had radicular symptoms with pain and paraesthesias aggravated by movin;g of the neck. Neurological examination in addition revealed objective signs such as loss of sensation, weakening of muscle force and diminished reflexes. According to the distal distribution of the symptoms either the median or the ulnar nerves were stimulated at thte wrist on both sides. In nine out of twelve patients symptoms were confined to the median nerve area while three patients mainly had ulnar symptoms. Most of the patients had bilateral symptoms with one side worse than the other and the sides accordingly were graded as the better and the worse. None of the patients had any signs of clervical myelopathy. All patients had X-rays of the cervical spine and ten of twelve had cervical myelography confirming that the cervical roots were affected on one or both sides. In somle patients with unilateral clinical symptoms cervical myelography revealed biliateral affection of the root pouches. N9, N14 and N20 were present in all patients but amplitudes of the responses varied considerably for each patient and also bilaterally in the same patient not always being related to the clinically most impaired side. The maximal individual bilateral amplitude diff,erence was 76%, 68%
and 40% for N9, N14 and N20 respectively.
The largest individual latency differences between the two sides were 17%, 14% and 7% respectively for N9, N14 and N20. The clinical picture pointed to a lesion of the rilght C7 root; myelography was however not performed, but X-ray of the cervical spine confirmed typical degenerativ,e changes in C.-C7.
The SEP test results following median nerve stimulation revealed a significant reduction of N9 and N14 amplitude on the impaired side ( fig 2B) . Latzency of N9 on this side was normal while N14 latency was delayed giving a N9-N14 conduction time of 5-1 ms on this side against 3-5 ms on the healthy side. Amplitude of N20 was slightly reduced on the impaired side compared to the healthy side while the latency of N20 differed but insignificantly (fig 2A, B) .
Stimulati,on of the ulnar nerves at the wrist 3A, B) . Latencies of N20 were also significantly delay,ed. N9-N14 conduction time was increased bilaterally while the N14-N20 conduction time was normal, indicating that the increased latency of N20 was caused by the increased N9-N14 conduction time.
Ulnar stimulation (fig 3B, C) also resulted in pathological SEP results; morphology as well as latency of N9 were pathological bilaterally. The N14 was hardly recognisable and latencies of N20 were significantly prolonged, particularly following stimulation of the right ulnar nerve ( fig 3A) . The conduction time between N9 and N20 was increased on both sides, most markedly following stimulation of the right ulnar nerve.
The third patient in this group (OH) had a spastic paraparesis and severe degenerative changes in the cervical spine at C5-C,. The SEP results (table 3) an increased N14-N20 conduction time following median nerve stimulation on the right sid.e.
Discussion
Although relatively few patients were examined with the present technique, the data suggest that the main clinical forms of cervical spondylosis are associated with characteristic SEP results.
In the first group of patients with cervical spondylosis, corresponding to Brain & Wilkinson's' "Acute radiculopathy type 2", the SEP amplitude, latencies and conduction times were normal. This group of patients, however, had no neurological signs of root affection although their subjective symptoms with pain and paraesthesias were clearly radicular.
Since SEP presumably tests the large and fast conducting myelinated afferent fibres only, fig 3 and table 3 , either the N9-NI4 or the N14-N20 conduction times can be increased. The latter presumably reflects the conduction time between the dorsal column nuclei and the cortex, a pathway entirely located intracranially. Why this pathway was affected in a patient with cervical myelopathy has yet to be explained.
Finally the test results of one of the patients with cervical myelopathy (GG) indicated that a significant difference in the afferent conduction times existed between median and ulnar nerve inputs. The result may suggest that the central afferent pathway of the lower cervical roots (ulnar nerve) was more disabled than the central pathway of th.e upper cervical roots (median nerve) in this patient.
The present data suggest that the somatosensory evoked responses recorded from the brachial plexus, the cervical spine and the scalp can yield valuable diagnostic information in patients with cervical spondylosis. The method evidently can differentiate between plexus lesions and lesions in more proximal structures.
The method also seems to be of value in distinguishing between patients with and without lesions of the large myelinated fibres in the cervical roots, while unreliable in patients with cervical myelopathy. As 
